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(57) Power circuit integrated on semiconH^ 

mairial ««h VlPOWe^ technotogy d thewe 

on a substrate (1) haifflig a first type of ccnductivrty on 

3.i*T^a first epitaxial layer (2) of the same type 
of conductivity. 

inthisfbst epitaxial layer (2) '^f^^J^;^^ 
region (43) ^rq a second type of ^^oj^^^JT^ 
vSSi are provided a first (3) and a second (4) diffused 



regions and haring respectively conductivity of the first 

and second Qrpes. 

TTie power circuilis characterized in that on the 
first epitaxial layer (2) is grown a second eprtaaallayer 
(8) having condi«tivity of the first type and in^^ 
partially axtanded the fiist (3) and second (4) diffused 
regions. 
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Description 



The present iroenttonrelatestoapowercircuH inte- 
grated with VIPOWER technology and to a related man- 
ufacturing process 

As knoiKin. VIPOWER technology exhtorts some 
limitations when it is used in Wgh-lrequency appfica- 
tions or when on a substrate of semiconductor matwal 

on which the power circuit is integrated there are high- 
voltage (e-g. >300V/jisec) transistors. 

These rimitations are due to the presence of high 
junction capacitances between the semiconductor sutj- 
strata and dWhjsed and isolated regions having respec- 
tiwiy an N or a P type cortucawity and comprising a 

control circuitry to the power deince. 

The dmensions of these junt^ capadtore are 
directly proportibnate to the (fimensions of the diffcised 

and isolated regions. ^ _ 

It was also noted that when there are at)njpt 
dianges in the vdtage present on the substrate these 
junction capadlors transmit disturtjances to the control 
circuitry of the device and compremise its operation. 

It would therefore be necessary either to reduce 
drasticaily the dimensions of the control drcuitry or pro- 
vide a tow resistance capable of com/eying to ground a 

large part of the current injected capaciiively from the 
substrate to the control circuiiry. 

One known technical soWion for solving ttiese 
shortcomings is set forth in European Patent Applica- 
tions nun*efS 95830060.0 and 94830229.4 both d the 
same appficant ..^^ 

In the fffst patent ^rica&m there is descrtoed a 
process for prwicting an integrated circuit on a semcon. 
ductor substrate comprising a diffused region having a 
type N conductivity which is isolated from the substrate 
by means of inplantation of a buried region having type 
p conductivfty. • i 

Specificaily. the buried region s formed by implan- 
tation of high-energy Xxxm. 

Nomraily this buried region exhibits a thickness of 
approximately ijun and a distance from the integrated 
drcuit surface dependent upon the implantation energy. 

For exanple. if the implantation energy used is 
around 900kev the buried region wifl be at a depth of 

approximately 1. Sum- . 

To connect the buried region vwth the integrated ar- 
cuit surface there is formed by means of implantation 
and successive dffusion a deep region having a type P 

conductivity. ^ ^ 

This deep region conprises at least two structurally 
irxlependent regions which contact laterally the buried 

regi n. . 

The buried region and the deep region form an 
annular region enclosing the diffused region to Isolate ft 
cofTpletely from the rest of the integrated devica 

While advantageous in some respects this soluton 
exhibits the shortcoming of considerably limiting the 
thidaiess of the diffused region. 

Generally this thicJciess is on the ord r of Ipm 



deperKiing also on the doping of th regbn. 

But thfe thickness is insufficient if the tfffused 
region must also indude the control drcuitry of an inte- 
grated power devica 
5 In the second patent appfication is descrfted a 
process for providing an integrated power drcuit com- 
prising a contrd drcuitry incorporated in a first and in a 
second dffused region having respectively a type N 
conductivity and a type P conductivity 
TO Again in this case the first and second dffltaed 
regions are isolated from the rest of the integrated 
device by means of an annular region connprising a bur- 
ied region innplanted with h^ energy and a deep 
region. 

13 When the inrplantation of the buried region is p^- 
fornied at 900kev the depth at which this region is 
located does not exceed 2(im. 

Considering that the thickness of the buried region 
is approximately 1 jimithe residual thickness towards the 
20 surface of the integrated drcuit is approximately 1nm. 

This thickness is insuffldent fbr providing a control 
drcuitry for the power device. 

Indeed, the thermal cydes necessary for forming 
the power portion of the device cause rising of the bur- 
25 led region to the surfaca 

This shortcoming could be avoided by implantation 
of the buried regksn at much higher energy hut the entire 
process would be rmch costfier. 

The tedwicai problem undertying the present 
30 invention is to provide an integrated power drcuit and a 
related manufacturing process wfiich would ha/e better 
voltage tightness for equal manufacturing cost or which 
for equal voltage tightness would have smaller manu- 
facturing cost 

35 The solutfon idea undertying the present inventKMi 
is to grow on the irtfegrated power drcuit surface an epi- 
taxial layer so as to inaease the thickness of the type P 
and type N cfiffused regfons receiving the control dr- 
cuitry of the power drcuit 
40 The technical problem is solved by a integrated 
power drcuit of the type indicated above and defined in 
the characterizing part of the annexed daims from 1 to 



11. 

The technical problem \s also sdved by a process 
45 for entxxliment of the above mentioned dreuit in 
accordance with the description set forth in daims 1 2 to 

The characteristics and advantages of the inte- 
grated poMver drciBt and related manufacturing process 
50 r acconiance vwththe present invention are set forth in 
the description of an enixxliment thereof given below 
by way of non^kniting example with reference to th 
annexed drawings. 
In the drawings: 

FIGS 1 to 9 show in enlarged scale and vertical 
CTOSS section a semiconductor substrate on which 
are performed in succession th steps of th manu- 
facturing process for the power circuit in accord- 
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ance with ttie present iiwentioa 

FK3. 10 shows diagrammaticaJly in enlarged scale 
and vertical cross section an ennboeiment of the 
power dicuit in accordance with the present inven- 
tion. 

FIG 11 shows another entwdinient of the power 
circuit in accordance wilh the present invention, 
and 

FIG 12 shows another en*ocfiment of the power 
circuit in accordance with the present iroention. 



VWh reference to the ROa reference number 40 
Micaies as a whole and diagraimatieally an inte- 
grated power circuit provided In accoidance with the 

presertf invention. ^ 

For con«nience of explanation the stnjdure of me 

integrated power droit in accordance with the present 
invention is now described with reference to the process 
steps leading to its embcdiment 

As shown in Fia 1. to manufacture tho power ar- 
cutt 40 there is used a semiconductor material substrate 

1 . e.g. silicon, having a first type of conductivity and m 

'^Sl^i'St^ 1 is grown afiret epitodal layer 2 
having the same type of conductivity and in particular 

***'*Then one proceeds to deposit on the surface of We 
power droiit 40 afiist nnask provided by known tech- 

"^Sen. in exposed portions 41 of the first epitaxial 
laver 2 are tomied by means of implartation and suc- 
c«siv9 cfiffusion heat treatn«nt afWdHfusad regiofi 3 
having a corxluctivity of the first type and n partoilar 
type N and a secoTKl diffused region 4 haying a conduc- 
irvity of a second type and in particular type P 

Successively in other fl«posed portions 41 and 42 

of the first epitaxial layer 2 are tornied by means of 
•Btnlantation and successive dffusion heat treatment a 
firS 5 and a second 6 deep regions having conductivity 

otttie second type and in particular type P». 

The first deep region 5 and second deep regmn 6 
conprise at least two stiucturally independent regions 

y 5", 6*. r each. . 

Simultaneously there is provided another diffusion 
of the first 3 and second 4 (Btiised regions. 

One ttien proceeds with deposit of a ««*^ 
to iorni opposite the first 3 and second 4 diffused 
regions a buried region 7. u u 

This buried region 7 is obtained by means of high- 
energy inplaniation. e.g. 900kev. of ions of a dopant 
having the second type of conductivity. e.g. boron. 

The txiried region 7 has a depth dependent on th 
inpianlaiion energy. e.g. at 900kev the buried region is 
at a depth of approximately l .5|int 

Inlddition the buried region 7 is Omiled laterally by 
the deep region 5 with which it tomrs the annular eola- 



tion region 43 enclosing tiie first 3 and second 4 dif- 
fused regions. 

After removal of tiie second mask one proceeds 
witti giowtti on the fffst epitaxial layer 2 of a second epi- 

5 ta»al layer 8 having conductivity of ttte first type and in 
particular type ri- and thickness of a Ibw Jim. ag. iim. 

The diffused regions 3 and 4 and the deep regions 
5and6 dur&ig ttie successive diffusion heat treattrjents 
towhich win be s«Ujected the integrated dreuit 40 will 

10 diffuse partiaUy in ttie second epitaxial layer 8 maeas- 

mgttieirttiickness. 

One then proceeds to grow on ttie surface of the 
mtegiated drcut 40 a layer of thin oxide 9 by means of 

tawwntechnicpies. 
,5 Successively there are deposited a first 10. a sec- 
ond 1 1 and a third 1 2 polycryslalline silicon layers. 

There are then tormed by means of implantalion 
and successive dffusion heat treatment a ttnrd 13 and a 
(burtii 14 diffused regions having conductivity of ttie 
20 second type and in particular type P. 

The thiid 13 and feurlh 14 diffused regtons com- 
prise each at least two stnx*jrally independent regions 

13". 13". 14'. and 14'. 

In particularttiettiird diffused region 13 has ttie pur- 
2S pose of laWng to the surface ttie isolation regkDii43 to 
enclose and isolate completely ttie first 3 and second 4 
diffused regions from ttie rest of ttie integrated cbubI 
40 

" The fourtii diffused region 14 tonnssjxalled Ixdy' 
30 regions da first power tiansistor 44 of ttie veticalour- 
rent flow type (VDMOS) incorporated in ttie integ^ 
circiflt40. 

One ttien proceeds witti implantation and succes- 
sive diffusion of a fifth 15. sixth 16. seventh 17 and 
35 eightti 18 diffused regions having ttie first type 01 cart- 

ductivity and in particular type N* and a nintti 19 and 
tentti 20 diffused regions having ttie second type of con- 

ductivity and in particular type P. 

Specifically the fiftti 15 and ttie nirth 19 diffused 
40 regions form a source region of a second signal teiwis- 
tor 45 of type MOS witti P channel which « provided in 
Iheflrst<fiffusedregk3n3. 

This second transistor 45 also mdudes a gate 

region ibrnied by ttiefii« P^y^'^^'^^y^ 
45 «xl a drain regton fanned by ttie terth diffused reg«n 

' in addition ttie sixtti 16 and seventti 17 diffused 
regtons form respectively a source region and a drain 
rajtonofattiird signal transistor 46dtypeMOSw.ttiN 
50 channel which s provided in ttie second dffusad region 

*■ This ttiirdtiansislor 46 also includes a gate region 

fbmied by »e second pdycrystalBne siBcon layer 11. 
The eightti diffused region 18 tonns a source region 

5S oftti first power tiansistor 44. 

This first transistor 44 also includes a drain region 
fomieddth substrate land ttie first epitaxal layer 2 
arxl a gate region fanned by tti second layer of poly 
crystaJline silicon 12. 
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The manufacturing process of the drcurt 40 then 
proceeds in the convenlJonaJ manner with deposit of a 
passivating material layer 21 . 

There are then performed opening of the contacts 
and deposit of afirst 22. second 23. third 24, fourth 25. s 

fifth 26 and sixth 27 metalfization. 

Rom FKl 9 it is seen that the first metallization 22 

provides a contact with ground GND of the isolation 
region 43 and the tliird diffused region la 

Again in FiaSit is also seen that thesource region io 

of the third transistDr 45 is connected to ground GND. 

Without <*tange to the above mentio ned jy ocess 
and replacing the fhst transistor 44 the integrated circuit 
40 convrises a power transistor 47 of bipolar type vinth 

vertical current flow. ^ .-r 

Specifically as shown in FO. 10 this transista 47 
conprises a coHedor region formed of the sUJstrale 1 
andtheftstepiia3dal1ayer.2alndan emitter region 30 
which is fbnred together with the diffused regions 15. 

16 and 17. . . . * 

The transistor 47 also includes a base region incor- 
porating a buried region 31 vtrfiich is proynded with the 
buried region 7. adiffused region 28 which is tanned 
together with the difhjsed region 4 and a diffused region 
29 which is famed tog^er with the diffused region 13. 2S 

As an alternative as shewn' in Fia 11 the transistor 
47 can be provided with omission of the buried region 
31 or omission either of the buried region 31 or the dif- 
fused region 28 as shown in FKS- 12. 

In conclusion the introduction in the process of 30 
artodsnent of the circuit 40 of the second epitaxial 
layer 8 causes the fust 3 and second 4 diffused regions 
to exh&it a tWcfoiess such as to aflcaw greater voltage 
tightness of the second 45 and the third 46 signal tran- 
sistors for equal impianlalion energy of the bwied as 
region 7. 

In addition for equal voltage tightness of the above 
mentioned transistors the buried region 7 can be 
iralanted with a lower energy thus reducing process 

40 



Claims 

1. Power circuit integrated on a semiconductor mate- 
rial with VIPOWER technology of the type provided 45 
on a subslrate (1) hawing a first type Of conductivity 

on which there is a first epitaxial layer (2) of the 
same type of corxSucth^ with there being provided 

in said fkst epitaxial layer (2) an isolation region 
(43) having asecondtypeof conductivity and inside sc 
with are provided a first (3) and a second (4) drt- 
fused regions having respectively conductivily of 
the first axj second types and chaiaderired in that 
on the first epitaxial layer (2) is grown a second epi- 
taxial layer (8) having conducth^ty of th first type 55 
and in which are partially extended the first (3) and 
second (4) diffused regions. 

2, Circuit in accordance with daim 1 and character- 



ized in that the second epitaxial layer (8) covers the 
isolation region (43). 

X Circuit in accordance with daim 2 and character- 
ized in that in the epilaxiai layer (8) is provided a 
thtfd diffused region (13) having the second type of 
conductivity extending from the surface of the sub- 
strate (1 ) to the isolalion region (43). 

4. Circuit in accordance with daim 3 and dwacter- 
Ized in that the ttwd diffused region (13) comprises 
at least two structurafly independent regions (13^ 
and (131. 

5. Circuit in accordance with daim 3 arxi character- 
ized in that the second epitaxial layer (8) has type N 
conductivity. 

6. Orcuit in accordance with daim 4 and character- 
ized in that the regions (130 and (13)" induded in 
the diffused region (13) have type-P conductivity. 

7. Circuit in accordance v«th daim 6 and character- 
ized in that therewith is associated at least one 
power MOS transistor (44) whose active areas are 
provided at least partiafly in said second epitaxial 
layer (8). 

8. Circuit in accordance with daim 6 and character- 
ized in that therewith s associated at least one 
power transistor (47) of the tMpoJar type whose 
active areas are provided at least partially in said 
second epitaxial layer (8). 

9. Power circuit integrated on semiconductor material 
with V1P0WER technology of the type provided on 
asutstrate (1 ) having a first type of conductivity «i 
virhich there is a first epitaxial layer (2) of the same 
type of conductivity and Bi said first epitaxial layer 

(2) there being provided an isolation region (43) 
having a second type <rf conductivity in which are 
provided a first (3) and a second (fiffUsed region (4) 
having respectively conductivity of the first and sec- 
ond types and characterized m that on the first epi- 
taxial layer (2) is grown a second epitaxial layer (8) 
having conductivity d the first type and in which are 
partiaily extended the firet (3) and second (4) d»- 
fused regions with said circuit also diaracterized in 
that therewith '6 associated at least one power tran- 
astor (44) whose active areas are provided at least 

partially in said second epitaxial layer (8). 

ia Circuit in acccnjanca with daim 9 and character- 
ized in that said power transistor (44) is of MOS 
type. 

11. Ciroit in accordance with daim 9 and character- 
ized in that said power transistor is a tsipolar transis- 
tor (47). 
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12. Marutacturing process tor a power «wt in^ 
grated on a semiconductor material w* VIPOWER 
technology with said circuit (1) provided on a ajb- 
strate (1) having afnst type of conductivity on which 
thereisafirstepitaxal layer (2)ofthesanietypeof s 
conductivity aitJ in said first epitaxial layer (2) there 
t>eing provided an isoialicn region (43) having a 
second type of conductivity and m whicti are pro- 
vided a first (3) and a second (4) (Sffused regions 
having respecfivdy a conductivity of Ihe first and io 
second types and characterized in that it includes 
the steps of: 

. growth on the first epitaxial layer (2) of a sec- 
ond epitajdal layer (8) having the Tbs* type of »* 
conductivity and in which are successively par- 
tiaily diffused itie first (3) and second (4) dif- 
fused regons. - 

13. Processin accordance with dam 12andcharacter- so 
izad in that it indudes an additional step of implan- 
talion and successive dHfusion in said second 
epitaxial layer (8) of a diffused region (13) having a 
second type of conductivity to contact the isolation 

region (43). ^ 

14. ProcessinaccordaneewithclaiiTilSandcharacter- 
"aed in that the second epitaxial layer (8) has a 
thickness of a few pm- 
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